1. Introduction {#s0005}
===============

Paraneoplastic neurologic syndromes (PNS) are a spectrum of rare immune-mediated disorders that occur in approximately 1 in 10,000 patients with cancer ([@b0080]). Given the association between PNS and cancer, if PNS is suspected, screening for a malignant source should be initiated.

PCD has been associated with fewer than 1% of cancers -- these include gynecologic malignancies, breast cancer, small-cell carcinoma and Hodgkin Lymphoma ([@b0040], [@b0005]). Paraneoplastic cerebellar degeneration is a diagnosis of exclusion. The absence of brain metastases must be confirmed when symptoms of PCD arise ([@b0040]). A literature review of all known cases of PCD in patients with ovarian and fallopian tube carcinoma was performed and is summarized in [Table 1](#t0005){ref-type="table"}. Symptoms of PCD include sub-acute but progressive gait disturbances, truncal and appendicular ataxia, dysarthria, dysphagia, vertigo, nystagmus, and dyplopia ([@b0005]). An estimated 20% of patients will develop mild memory and cognitive deficits with rare cases causing cerebellar cognitive affective syndrome (CAS) which can cause decrease in executive function, spatial cognition, visual-spatial memory and disinhibited or inappropriate behavior ([@b0040]). These symptoms progress over the course of months, plateauing at 6 months, and often stabilize with treatment but generally are not reversible, often leaving the patient severely disabled.Table 1Summary of cases previously reported of paraneoplastic cerebellar degeneration in gynecologic cancers.ReferenceAgeTime IntervalInitial SymptomsDiagnosis of MalignancyTimelineTreatmentOutcome[@b0070]622 monthsGait unsteadiness\
Limb clumsiness Transient diplopiaMetastatic\
Adenocarcinoma\
of the ovaryRecurrencePlasmapheresis\
CyclophosphamideStable, until death[@b0060]703 monthsDizziness\
Vertigo\
NauseaStage 1c\
Adenocarcinoma of the fallopian tubePrimary diagnosisCisplatin\
Doxorubicin\
Cyclophosphamide\
5-fluorouracilStable[@b0060]5713 monthsDiplopia\
DysarthriaStage 1c\
Adenocarcinoma of the fallopian tubePrimary diagnosisCyclophosphamide\
Pirarubicin\
CisplatinStable[@b0045]812 monthsDiplopia\
TinnitusSerous adenocarcinomaPrimary diagnosis----[@b0100]631 monthsDizziness\
Gait disturbance\
DysarthriaStage IIIc\
Serous adenocarcinoma fallopian tubePrimary diagnosisMethylprednisolone Paclitaxel\
CarboplatinStable[@b0095]613 monthsDiplopia\
Ataxia\
VertigoGrade 3, serous carcinoma of the fimbria, with underlying invasion but no vascular invasionPrimary diagnosisIVIG\
Rituximab infusion\
Carboplatin\
DoxilStable[@b0085]64--Dysmetria\
Truncal and limb ataxia Dysgraphia\
NystagmusStage IIIc\
Serous papillary adenocarcinoma of the ovaryLate onsetIVIG\
Corticosteroids\
Paclitaxel\
CarboplatinProgressive decline[@b0055]642 monthsGait disturbance DysarthriaMetastatic\
Endometrioid adenocarcinoma of the fallopian tubePrimary diagnosisIVIG\
Chemotherapy[\*](#tblfn1){ref-type="table-fn"}Stable[@b0065]621 monthDysphasia\
Vertigo\
Gait disturbanceStage IIIc\
Clear cell carcinoma of the ovaryPrimary diagnosisIVIG\
Methylprednisolone PaclitaxelStable[@b0025]59--Dizziness\
AtaxiaStage IA\
Adenocarcinoma of the fallopian tubePrimary diagnosisIVIG\
MethylprednisoloneProgressive decline[@b0020]80less than 1 monthVertigo\
Nausea/Vomiting NystagmusMetastatic\
Gynecological cancer not otherwise specifiedPrimary diagnosiscorticosteroids\
Paclitaxel\
CarboplatinProgressive decline[@b0090]682 monthsAtaxia\
Dysarthria\
Recurrent fallsStage 3c\
Serous adenocarcinoma of the ovaryPrimary diagnosisChemotherapy[\*](#tblfn1){ref-type="table-fn"}Improvement, Moderate[@b0035]653 monthsGait disturbance\
Dizziness\
WeaknessStage IIC\
Malignancy of the ovaryPrimary diagnosisPaclitaxel\
CarboplatinStable[@b0050]372 monthDizziness\
Vertigo\
Nausea/VomitingSerous papillary cystadenocarcinoma of the ovaryPrimary diagnosisPaclitaxel\
CarboplatinImprovement,\
Moderate[@b0010]443 monthsUnsteady gait\
DysarthriaStage IIIC\
Serous carcinoma of the ovaryPrimary diagnosisChemotherapy[\*](#tblfn1){ref-type="table-fn"}Not reported[@b0015]65--Imbalance\
Vertigo\
Gait disturbanceStage III\
Serous carcinoma of the ovaryLate onset, no definitive evidence of recurrence at 19 monthsIVIG MethylprednisoloneImprovement,\
Significant[@b0075]652 monthsGait disturbanceStage III A1\
Serous adenocarcinoma of the ovaryPrimary diagnosisIVIG\
Carboplatin\
PaclitaxelImprovement,\
Modest[^1][^2]

PCD is mediated by a cross-reaction of antibodies with tumor antigens in cerebellar tissue causing loss of Purkinje cells, variable thinning of the granular layer, and inflammatory infiltrates and gliosis in the deep cerebellar nuclei ([@b0005]). There are over 30 different autoantibodies associated with PCD ([@b0040]); the most common of which include anti-Hu, anti Ri/Nova, and anti-Yo. Anti-Yo antibodies, sometimes referred to as Purkinje cell cytoplasmic antibody (PCA1) are most associated with gynecological cancers ([@b0065]); however, their incidence is very low. In one study of 557 patients with ovarian cancer, only 2.3% of patients were positive for the antibody, and only 12% of those had clinical evidence of PCD ([@b0040]).

In this report, we describe the case of a 64-year-old woman who developed PCD and was subsequently found to have recurrence of her cancer.

2. Case description {#s0010}
===================

Patient MK presented with Stage IV B high-grade serous carcinoma of the fallopian tube and underwent primary R0 debulking and adjuvant chemotherapy and noted to have no evidence of disease on computed tomography (CT) scan in March 2019. Following primary therapy, the patient was enrolled on a phase III clinical trial of oral PARP inhibitor rucaparib versus placebo and IV nivolumab versus placebo and began treatment in March 2019.

The patient presented in early November 2019 reporting increasing dizziness and poor balance. Neurologic examination was without abnormalities. Patient was noted to have immunotherapy induced hypothyroidism with TSH 50.9 and free T4 0.29 and was started on levothyroxine.

Twice in the next two weeks the patient presented to the emergency department due to worsening dizziness, lightheadedness, and nausea. On the second presentation, in mid-November, she was admitted for expedited evaluation. Her presentation was complicated by severe anxiety. Endocrinology was consulted during this admission and noted that her free T4 had normalized. Symptoms were felt to be not completely explained by hypothyroidism. As such, the pituitary and adrenal function were assessed and found to be normal. The Neurology team was then consulted, and proceeded with nerve conduction studies, needle electromyography, lumbar puncture, and MRI brain that showed no abnormalities. In this case given no focal defects and no abnormalities in testing the conclusion was that her lightheadedness and nausea were secondary to side effects from her trial medication and her gait instability was attributed to benign paroxysmal positional vertigo. The patient was discharged with plan for follow up with her oncologist in 1 week and instruction on canalith repositioning maneuvers.

At home, the patient experienced worsening gait disturbance resulting in several falls. She developed new dysarthria and had worsening emotional lability with increasing tearfulness. Paraneoplastic panel returned in December, she was noted to have + Anti-Yo Antibodies and diagnosed with Paraneoplastic cerebellar degeneration in December 2019. CT abdomen pelvis was obtained and showed mildly enlarged pelvic lymph nodes and her CA 125 had doubled from her baseline concerning for platinum-sensitive recurrence of her fallopian tube cancer.

The patient was admitted to the hospital for expedited treatment of PCD, both neurology and psychiatry teams were consulted. She received a 5-day course of pulse dose IV methylprednisolone and single agent carboplatin chemotherapy and underwent 2 cycles. Unfortunately, the patient experienced minimal improvement in her neurologic status and ultimately elected to discontinue cytotoxic therapy to pursue hospice care.

3. Discussion {#s0015}
=============

In the present report, we describe the case of a patient who developed PCD 10 months after completion of initial treatment for fallopian tube carcinoma. She presented initially with vague neurological symptoms that progressively worsened over the course of a two-month period. During this period her symptoms were attributed to hypothyroidism, BPPV and medication side effect. This highlights the importance of considering PCD as a potential cause for symptoms such as vertigo and loss of balance in a patient with cancer remission. The clinical picture in this scenario was particularly clouded by concern for immune toxicity due to study medications, which may have ultimately delayed the appropriate diagnosis in her case.

Early detection of PCD is paramount as in most cases of PCD associated with fallopian tube cancer, only mild to moderate neurological improvement has been achieved following treatment. Reported therapies include plasmapheresis, intravenous immunoglobulin, and chemotherapy to treat the underlying neoplasm; however, there are no established protocols. In the majority of cases of PCD associated with fallopian tube cancer, there was minimal response to therapy, however treatment stopped progression of neurologic symptoms for some patients. The limited utility of reported treatments is thought likely due to intrathecal presence of Anti-Yo, making the antibodies unaffected by plasmapheresis or IVIG ([@b0080]). From review of prior cases and our experience with this particular case we would recommend Anti-Yo antibodies to be evaluated for if patient presents with the complaint of ataxia, dysarthria, or diplopia given that in a few cases treatment with intravenous immunoglobulin, plasmapheresis, and chemotherapy were able to stop the progression of the neurologic symptoms. It appears that the key is early detection and treatment to avoid rapid progression of neurologic dysfunction.

As opposed to the present case, PCD usually pre-dates a cancer diagnosis, or rarely, heralds the diagnosis of a recurrence. PCD has been described prior to the appearance of primary tumor in fallopian tube carcinomas, however, there have been no reports of PCD heralding a recurrence in fallopian tube carcinomas. On average, time between a patient\'s initial symptoms and the diagnosis of PCD and subsequent cancer diagnosis is 2.7 months with a range of 2 weeks--13 months ([@b0065], [@b0070], [@b0060], [@b0045], [@b0100], [@b0095], [@b0085], [@b0055], [@b0025], [@b0020], [@b0090], [@b0035], [@b0050], [@b0010], [@b0015], [@b0075]). In gynecological cancers, initial symptoms are most commonly vertigo, gait instability, and dysarthria. In general, symptoms worsen over time and patients are often diagnosed with BPPV or other neurologic disorders along their journey to diagnosis of PCD. As such, it is important to recognize the most common symptoms in PCD, including ataxia in both trunk and limbs, dysarthria, nystagmus, diplopia, and dysphagia.

Our patient with PCD exhibited significant alterations in mood, personality change, and disinhibition which have rarely been reported in cases of PCD. Patients with degenerative cerebellar disease can have increased rates of psychiatric disorders specifically mood disorders and personality changes ([@b0030]). These are related to both neuropsychiatric syndromes as well as the reaction to new onset of disabilities. Physiologically there are anatomic connections between the cerebellum and the prefrontal cortex, parahippocampal areas, posterior parietal, temporal and occipital lobes ([@b0030]). There are few reports of psychiatric symptoms associated with PCD even though there is a growing body of evidence for the role of the cerebellum in cognition, mood and affect regulation ([@b0030]).

This patient's case highlights the importance of a wide differential including paraneoplastic syndromes in patients with gynecologic cancers in remission.
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